Introduction
============

Artificial reefs (ARs) have been used to mitigate coastal fishing pressure, enhance the potential of biodiversity, and enhance fisheries catch ([@ref-5]; [@ref-45]; [@ref-81]). ARs can function as an effective resource management measure by diverting fishing effort from overexploited fishing areas, or areas which are environmentally vulnerable, to those which are less heavily exploited or less vulnerable ([@ref-6]; [@ref-54]; [@ref-42]). ARs may contribute to reverse fisheries resource depletion ([@ref-98]). Such reefs can also be utilized for diving activities, diverting divers from sensitive natural reefs to man-made structures ([@ref-100]; [@ref-97]; [@ref-61]; [@ref-66]; [@ref-96]; [@ref-62]).

However, in order to be successful, AR projects require many resources ([@ref-99]; [@ref-94]). First, AR project proponents need to justify reef advantage and final users need to find reefs useful, otherwise the project may fail ([@ref-25]). For a given AR project, proponents need to gather information to justify deployment, such as benefits that have been documented in existing AR projects, in order to advocate for third party acceptance and obtain funding ([@ref-64]; [@ref-47]). In this sense, pre- and post-deployment information is important for empowering and providing justification for future AR projects ([@ref-8]; [@ref-63]). Unfortunately, studies involving pre- and post-AR deployment are scarce, particularly those dealing with social or economic perspectives ([@ref-101]). Furthermore, although some studies have demonstrated the socio-economic effects of ARs ([@ref-69]; [@ref-85]; [@ref-92]), AR usefulness has been subject to scrutiny ([@ref-67]; [@ref-9]). For example, [@ref-7] argues that an AR may enhance species richness, but may not ultimately increase human utility.

Interest in the ecosystem services concept has been growing since the late 1990s ([@ref-18], [@ref-19]; [@ref-91]; [@ref-36]). Many authors have analyzed stakeholder perceptions of the specific ecosystem services provided by various ecosystems ([@ref-43]; [@ref-12]). Specifically for the case of ARs, studies have shown that stakeholders perceive reef usefulness in various ways depending on whether the ecosystem services that they specifically depend on are enhanced or diminished by the AR ([@ref-90]; [@ref-14]). Disagreements between stakeholder groups over the usefulness of ARs can present a significant barrier to obtaining public funds for AR deployment ([@ref-76]). In order to receive public funds, AR project proponents are often required to show evidence of how socially useful the AR will be ([@ref-82]; [@ref-72]). Given this, one method of supporting the argument for AR deployment is to invest in multi-functional AR projects, where multiple stakeholder groups are likely to perceive and ultimately directly benefit from the AR ([@ref-59]).

This paper investigates the varying perceptions of small-scale fishing communities on the usefulness and potential impacts of ARs in two coastal areas in Portugal. The principal research question we address is: How do fishermen perceive usefulness (or lack thereof) of ARs before and after AR deployment? This question is posed for nine ecosystem services and additional functions that were expected to be provided by the ARs. We first describe the ecosystem services and additional functions that ARs are known to provide in general, followed by a description of the AR study areas of interest here. We then present the methodology and questionnaire we used to capture stakeholder perceptions of AR usefulness in both locations, the hypotheses we tested with the questionnaire data, and a summary of the results of the interviews conducted for this study. Lastly, we provide a discussion of the ecosystem services and additional functions perceived by fishermen pre- and post-AR deployment in the two case studies, and justification for using public funds to deploy ARs. We also provide an assessment of the limitations of this study and areas of future research.

Artificial reef ecosystem services and other functions
------------------------------------------------------

Marine ecosystems provide a wide range of services that are fundamental to human well-being and livelihoods, from food production to water filtration, and storm protection ([@ref-21]). The total economic value of AR ecosystem services can be divided into the following categories ([@ref-32]; [@ref-38]; [@ref-40]): (1) direct use value (extractive and non-extractive use), (2) indirect use value, and (3) option and non-use value. Here, we focus on expected AR ecosystem services and additional functions without considering their inherent economic value ([Table 1](#table-1){ref-type="table"}). The list was not intended to be exhaustive, to be used with fishermen in the two case studies presented here.
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###### Ecosystem services and additional functions potentially provided by artificial reefs (ARs).
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  \#   Ecosystem good/service or additional function   Use       Description
  ---- ----------------------------------------------- --------- -----------------------------
  1    Food production (P)                             Current   Direct use (extractive)
  2    Recreational (C)                                Current   Direct use (non-extractive)
  3    Biological control (R)                          Current   Indirect use
  4    Nutrient cycling (S)                            Current   Indirect use
  5    Disturbance regulation (R)                      Current   Indirect use
  6    Reuse of obsolete structures (N)                Current   Indirect use
  7    Habitat and refuge (S)                          Current   Indirect use and non use
  8    Diversion effect (N)                            Current   Indirect use
  9    Biodiversity preservation (S)                   Future    Option use and non use

**Note:**

Ecosystem good or service: Provisioning (P), regulating (R), cultural (C), and supporting (S). Source: Based on Millennium Ecosystem Assessment (MEA) ([@ref-102]). There are two AR effects respondents were asked to consider ("diversion effect "and "reuse of obsolete structures"); however, they are not considered to be ecosystem goods and services. Consequently, they should be considered solely as AR functions. For simplicity, the authors have considered additional functions alongside AR ecosystem services, but they are signed with (N).

Direct use
----------

### Food production

Food production is an extractive use associated with artisanal and commercial fishing activities that can be modified through AR deployment. For example, [@ref-79] investigated the effect of two Algarve AR systems on local fisheries during a 14-year period and found that yields were up to 2.6 times higher at the AR sites than in control areas.

### Recreation

Artificial reefs can provide several opportunities for leisure activities, including surfing ([@ref-93]; [@ref-29]; [@ref-75]), diving ([@ref-23]; [@ref-58]; [@ref-70]), spear fishing, and angling from charter boats ([@ref-53]; [@ref-14]). Spear fishing and angling are also extractive and may be categorized as "food production." However, we categorize these activities under "recreation" because the principle aim is for personal consumption rather than for commercial sales.

Indirect use
------------

### Biological control

Resource managers can introduce ARs to control undesired organisms through predation, herbivory, or any other natural process. In this way, ARs can act as artificial habitats that alter the distribution of species and local biodiversity ([@ref-86]; [@ref-60]; [@ref-85]). Some species may be lost and others gained ([@ref-39]; [@ref-51]). A particular issue related to biological control is the assessment of invader vs. native species colonization rates on ARs ([@ref-89]).

### Nutrient cycling

Artificial reef infrastructure provides substrate that contributes to the production of flora and fauna due to high local availability of nutrients in the water column ([@ref-63]; [@ref-24]; [@ref-46]). [@ref-27] demonstrated that the presence of ARs may increase the deposition of nutrients derived from higher number of marine organisms that will settle there (i.e., higher carrying capacity). This has a positive impact on the production of fish and other species ([@ref-74]).

### Disturbance regulation

Concrete ARs are increasingly being used as a shoreline protection measure ([@ref-4]; [@ref-33]). ARs can be installed to minimize coastal damage from storms by absorbing wave energy ([@ref-22]). [@ref-17] note that ARs may not provide storm protection if they are not strategically located or are too far from the coast. Therefore, if the purpose of an AR is to act as a wave attenuator, they should be deployed close to the shoreline. Conversely, if an AR is meant to increase biological production, then it should be deployed in areas that are not significantly affected by wave disturbance ([@ref-93]; [@ref-55]).

### Habitat and refuge

Artificial reefs can be deployed to create habitat and refuges for marine species if adequate depth, temperature, salinity, dissolved oxygen, and the type of materials used are appropriately considered in their construction ([@ref-31]; [@ref-50]). ARs also provide additional surfaces, holes, and crevices for settlement of sessile organisms ([@ref-16]; [@ref-57], [@ref-56]). Such habitat serves both as a source of food for herbivores ([@ref-26]) and as a refuge for many species from predators ([@ref-88]; [@ref-30]). Habitat complexity increases fish assemblages ([@ref-13]); therefore, any artificial structure that provides refuge for fish and other marine organisms provide habitat that was unavailable previously ([@ref-10]).

Option use
----------

### Biodiversity preservation

Artificial reefs can be used to improve biodiversity in localized areas. [@ref-87] contend that biologically disturbed areas have fewer species than undisturbed ones, which means for the case of an AR that an increase in biodiversity may be evidence of biological success ([@ref-1]; [@ref-44]). ARs can also be used to reverse declines in commercial species. Due to the difficulty in accessing ARs, ARs not only deter fishermen from fishing in the immediate area or over the area (due to the potential for boat and gear damage), but also decrease fishing pressure in the surrounding areas. This is particularly important during early life stages, where increasing the life expectancy of marine organisms living on an AR acts as insurance for larger catches in the future that can be caught in areas adjacent to the ARs ([@ref-34]).

Additional AR functions
-----------------------

For the purpose of this study, we consider two additional AR functions beyond ecosystem service provision, namely: reuse of obsolete structures and fishing effort diversion. Both of which have been shown to provide important benefits or impacts.

### Reuse of obsolete structures

Artificial reefs are generally made from structures that are no longer in use, such as scrap materials in combination with reinforced concrete ([@ref-3]; [@ref-35]). However, this has been criticized and considered to be ocean dumping that is being done in the vain of fish habitat enhancement ([@ref-49]; [@ref-15]). For example, in the Faro AR complex in the Algarve region of Portugal, an obsolete 35 m iron hull trawler was purposefully sunken in order to provide additional diving spots for recreational use ([@ref-73]; [@ref-81]).

### Fishing effort diversion

Artificial reefs can function as an effective resource management measure to reverse fisheries resources depletion by diverting fishing effort from overexploited fishing areas, or areas which are environmentally vulnerable, to those which are less heavily exploited or less vulnerable ([@ref-6]; [@ref-54]; [@ref-98]; [@ref-42]). ARs can also be utilized to manage diving activities, diverting divers from sensitive natural reefs to man-made structures ([@ref-100]; [@ref-97]; [@ref-61]; [@ref-66]; [@ref-96]; [@ref-62]).

Materials and Methods
=====================

Study area
----------

This study focuses on AR deployment case studies located off the coast of Nazaré ([Fig. 1A](#fig-1){ref-type="fig"}; central coast of Portugal) and Oura ([Fig. 1B](#fig-1){ref-type="fig"}; Algarve, southern Portugal) ([Fig. 1](#fig-1){ref-type="fig"}). In both case studies, the ARs were deployed between 10 and 40 m depth, but in areas with very different bottom topography ([Fig. 2](#fig-2){ref-type="fig"}).

![Case studies location off Portugal.\
(A) Nazaré artificial reef (Center region), and (B) Oura artificial reef (Algarve region). Depth is represented by the blue lines and the red shapes show the artificial reef placement.](peerj-07-6206-g001){#fig-1}

![Artificial reef profile and use (not at scale).\
(A and C) represent pre-AR deployment (Nazaré and Oura, respectively), (B and D) represent post-AR deployment (Nazaré and Oura, respectively).](peerj-07-6206-g002){#fig-2}

The two case study AR sites have very different geographic profiles ([Fig. 2](#fig-2){ref-type="fig"}), and can be summarized as follows.

### Nazaré artificial reef

The water off Nazaré is home to a diverse assemblage of fish species, which benefits small-scale fishermen that are able to catch fish species that normally inhabit deep water closer to the coastline. The continental shelf extends out from the coast for approximately 2,000 m and then drops off sharply into a canyon ([Figs. 2A](#fig-2){ref-type="fig"} and [2B](#fig-2){ref-type="fig"}). The central coast of Portugal is subject to harsher weather and more frequent physical disturbance than the southern coast, which in turn affects the ability of coastal human activities to operate ([@ref-95]; [@ref-48]). The success of previous AR projects in southern Portugal ([@ref-79]) motivated the development of the Nazaré AR project to improve fishermen safety during rougher weather by facilitating the access to a fishing site closer to shore. An AR project was commissioned by the local council in consortium with technical experts from Portuguese fisheries and hydrography research institutes and deployed in 2010. The Nazaré AR covers an area of approximately three km^2^.

### Oura artificial reef

Adjacent to the Oura coastline, the inner continental shelf extends for over 6,000 m from the coast ([Figs. 2C](#fig-2){ref-type="fig"} and [2D](#fig-2){ref-type="fig"}). In the early 1990s, two pilot ARs were deployed in southern Portugal and showed increased catches ([@ref-77], [@ref-78]). Following the positive results of these pilot ARs in southern Portugal, the Oura AR was deployed during the second phase of a large effort to deploy ARs across the Algarve coast ([@ref-79]). The Oura AR was deployed in 2003 next to the Vilamoura AR (deployed in 1998), covering an area of approximately six km^2^ ([@ref-71]). The AR was primarily deployed provide a new fishing opportunity to the community of small-scale fishermen in the Algarve.

Data collection
---------------

In order to assess fishermen perceptions of AR usefulness in the two case studies, we developed a questionnaire focused on stakeholder expectations and perceptions of AR ecosystem services and additional functions ([Fig. 3](#fig-3){ref-type="fig"}). We deemed it necessary to better understand the advantage that potential AR users expect from the structures both before deployment (pre-deployment), and after the structures had already been deployed (post-deployment). The primary users of these ARs are small-scale fishermen and dive operators; however, the main focus of the AR deployments in both locations was to promote fisheries. Since our main aim was to better understand fishermen's perceptions, diving operators were not considered in this study. Therefore, the potential survey population for this questionnaire included all fishermen who participate in fisheries that are generally prosecuted adjacent to the ARs.

![Study design indicating this study's hypotheses regarding fishermen's expectations and perceptions of ecosystem services and additional functions related to AR deployment.\
Q~t1~ represents the pre-deployment questionnaire, whereas Q~t2~ represents the post-deployment questionnaire.](peerj-07-6206-g003){#fig-3}

Two questionnaires were used to collect primary data to determine (1) fishermen's expectations for AR benefits pre-deployment and (2) fishermen's perceptions of actual benefits obtained post-AR deployment. These data were then used to test the model's hypotheses (see 'Hypotheses'). Pre- and post-deployment primary data were collected through the implementation of semi-structured questionnaire-based interviews with fishermen in each case study location.

Pre-AR deployment questionnaire
-------------------------------

A pre-AR deployment questionnaire (Q~t1~) was implemented with the aim of better understanding what ecosystem services fishermen believe AR could provide ([Table 2](#table-2){ref-type="table"}). The questionnaire was implemented through face to face interviews in situ at the fishing ports in April 2003 in Quarteira and October 2008 in Nazaré. The questionnaire included demographic questions, but for the purposes of present study, we only present data and analyses related to questions on ecosystem services and additional functions.
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###### 5-point Likert scale questions posed to respondents.
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  Question                                                                             Answer categories                                      Ecosystem service or additional function
  ------------------------------------------------------------------------------------ ------------------------------------------------------ ------------------------------------------
  *Pre-deployment: By deploying an AR in (your specific area), do you think that...*                                                          
  *Post-deployment: After using an AR in (your specific area), do you think that...*                                                          
  The production of fish and other seafood is...                                       Much lessSlightly lessThe sameSlightly moreMuch more   Food production (ES)
  Recreation such as Scuba diving or sea angling is...                                 Recreation (ES)                                        
  The absence of plagues or unwanted organisms is...                                   Biological control (ES)                                
  Cleaner waters in the area are...                                                    Nutrient cycling (ES)                                  
  Coast protection against sea storms is...                                            Disturbance regulation (ES)                            
  Reuse of scrap, wreck or obsolete structures is...                                   Reuse of obsolete structures (AF)                      
  Shelter or refuge for young or vulnerable fish is...                                 Habitat and refuge (ES)                                
  Lack of dredging, trawling or other active gear on the area is...                    Diversion effect (AF)                                  
  The chance of finding many different organisms in the future is...                   Biodiversity preservation (ES)                         

**Note:**

Right side column in brackets means ecosystem service (ES) or additional function (AF).

Stakeholder viewpoints and preferences can provide important input into the management of marine resources ([@ref-37]). Having the above in mind, questions were designed to collect fishermen expectations of seven ecosystem services and two additional functions. The interviewer provided each respondent with a brief explanation of each ecosystem service and additional function before beginning the questionnaire. The interviewer then asked the respondent to score their perception of how likely they think the AR will provide each ecosystem service and additional function. Respondents were given a 5-point Likert scale as a means to rate their expectations of future ecosystem service and additional function provision: 1 (much less), 2 (slightly less), 3 (the same), 4 (slightly more), or 5 (much more) ([@ref-2]; [@ref-20]; [@ref-83]). For example, a score of 4 indicates that the respondent expected that the presence of the AR would provide for slightly more of a given ecosystem service; a score of 2 indicates that the respondent expected that the presence of the AR would provide for slightly less of an ecosystem service. "Don't know" answers were rejected. The questions provoked answers based on the respondent's past experience, knowledge, and information about future expectations on AR.

We defined the survey population by cross-checking the number of vessels found anchored in their respective fishing ports and those recorded in the European fleet register. We compiled secondary data on small-scale fleet sizes in each case study location ([@ref-11]). According to the European fleet register ([@ref-11]), On December, 31st 2005, there were a total of 87 fishing vessels registered in the European fleet register by fleet category length C2 (6, 10) and C3 (10, 12) in the Nazaré port and 129 fishing vessels in the Quarteira port. Based on this, we determined that an adequate sample size was 20% of the small-scale vessel skippers (*N* = 17 in Nazaré and *N* = 26 in Quarteira). We interviewed a total of 58 skippers ([Table 3](#table-3){ref-type="table"}). A total of 12 responses were not usable because either the skippers were from a non-eligible fishing vessel segment or any other reason.
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###### Number of respondents and usable responses to pre- and post-AR deployment semi-structured questionnaire-based interviews.

![](peerj-07-6206-g007)

  Case study site     Artificial reef phase             
  ------------------- ----------------------- ---- ---- ----
  Nazaré              28                      23   24   23
  Oura                30                      23   25   23
  Total respondents   58                      46   49   46

The interviews were conducted by one researcher and two technicians from the Portuguese Institute for the Ocean and Atmosphere. Respondents were selected by contacting fishermen who have demonstrated interest in sharing their opinions about ARs. Fishing community representatives facilitated the process by introducing eligible fishermen to the interviewers. Interviews were conducted in the fisherman's respective port (Quarteira and Nazaré).

Post-AR deployment questionnaire
--------------------------------

A second questionnaire (Q~t2~) was implemented 5 years after AR deployment (May 2008 in Quarteira and September 2015 in Nazaré). The aim of this survey was to gather fishermen's perceptions of the benefits they received from the AR so that the answers provided in the pre-deployment and post-deployment questionnaires could be compared. Our expectation was that respondents had learned from the experience of fishing in the vicinity of the AR. The post-deployment questionnaire included 5-point Likert scale questions similar to the pre-deployment questionnaire, with a focus on the ecosystem services that fishermen believe they have actually benefited from ([Table 2](#table-2){ref-type="table"}). For example, a score of 4 indicates that the respondent realized slightly more of a given ecosystem service after the AR was deployed; a score of 2 indicates that respondent realized slightly less of a given ecosystem service after the AR was deployed. The results were used to better understand fishermen's attitudes toward AR presence and acceptability (or refusal) by the fishing community.

The post-deployment questionnaire followed the same sampling strategy and implementation methodology as described for the pre-deployment questionnaire. On December, 31st 2015, there were a total of 94 fishing vessels registered in the Nazaré port Authority and 118 fishing vessels in the Quarteira port. We interviewed a total of 49 skippers ([Table 3](#table-3){ref-type="table"}). Three responses were not usable because either the skippers were from a non-eligible fishing vessel segment or any other reason.

Hypotheses
----------

Since we used the 5-point Likert scale data to score the AR effect and the respondents to each questionnaire were not the same pre- and post-deployment, we cannot assume that the population of the ranking scores given by the respondents is normally distributed. Therefore, for each fishing community, we used the Mann--Whitney U-test (also known as Wilcoxon rank-sum test) to test: (1) the null hypothesis that it was equally likely that each of the ecosystem service perception scores given by fishermen would be the same after reef deployment (H~0~), against (2) the alternative hypothesis that each of the ecosystem service perception scores given by fishermen would differ between the pre- and post-deployment questionnaires (H~1~). We used R software version 3.1.3 ([@ref-68]) to test both hypotheses. $$\documentclass[12pt]{minimal}
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Results
=======

In general, for both case study sites and both time periods, respondents indicated that "habitat and refuge" was the most expected (pre-deployment question) or realized (post-deployment question) AR ecosystem service, followed closely by "biodiversity preservation" and "food production" ([Fig. 4](#fig-4){ref-type="fig"}). Given the small sample size (*n* = 23) and non-normal data sets (ordinal variables), we conducted a non-parametric Wilcoxon test for each case study site individually to compare respondents' perceptions of ecosystem service provision pre- and post-AR deployment ([Table 4](#table-4){ref-type="table"}). The Wilcoxon test indicated that for most of the ecosystem services, the median Likert scale scores for expected ecosystem services (pre-deployment) were not similar to the ecosystem services that were actually realized (post-deployment) for either case study (*p* \> 0.05). However, the median likert scores pre- and post-deployment for the additional AR function of "reuse of obsolete structures" was found to be significant for both locations (Oura: *p* \< 0.0005 and Nazaré: *p* \< 0.05).

![Bubble plots showing pre- and post-deployment ecosystem service and additional function perceptions found by fishermen on the ARs of Oura and Nazaré (Portugal).\
The diameter of each circle and the correspondent figure inside represent the number of respondents' perception of each ecosystem service/additional function. Significance level: \**p* \< 0.05, \*\**p* \< 0.005, and \*\*\**p* \< 0.0005.](peerj-07-6206-g004){#fig-4}
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###### Results of the Wilcoxon rank sum test with continuity correction (two-tailed test) comparing respondents' perceptions of ecosystem service provision pre- and post-AR deployment.
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  Ecosystem service or additional function   Nazaré   Oura                                             
  ------------------------------------------ -------- ---------------------------------------- ------- --------------------------------------------
  1 Food production (ES)                     308      0.2910^n.s.^                             232     0.4141^n.s.^
  2 Recreation (ES)                          367.5    0.0130[\*](#table-4fn3){ref-type="fn"}   253.5   0.7852^n.s.^
  3 Biological control (ES)                  349      0.0373[\*](#table-4fn3){ref-type="fn"}   235     0.4720^n.s.^
  4 Nutrient cycling (ES)                    295      0.3409^n.s.^                             326     0.1391^n.s.^
  5 Disturbance regulation (ES)              265.5    0.9867^n.s.^                             382     0.0024[\*\*](#table-4fn4){ref-type="fn"}
  6 Reuse of obsolete structures (AF)        342      0.0231[\*](#table-4fn3){ref-type="fn"}   414.5   0.0004[\*\*\*](#table-4fn5){ref-type="fn"}
  7 Habitat and refuge (ES)                  268.5    0.9295^n.s.^                             243.5   0.6222^n.s.^
  8 Diversion effect (AF)                    325      0.1682^n.s.^                             354.5   0.0245[\*](#table-4fn3){ref-type="fn"}
  9 Biodiversity preservation (ES)           264.5    1.0000^n.s.^                             183     0.0449[\*](#table-4fn3){ref-type="fn"}

**Notes:**

Left side column in brackets means ecosystem service (ES) or additional function (AF). *W* is the sum of the ranks of the observations.

Significance level: *n.s.*, non-significant.

*p* \< 0.05.

*p* \< 0.005.

*p* \< 0.0005.

In comparing the pre- and post-deployment responses of Nazaré respondents ([Fig. 4](#fig-4){ref-type="fig"}), there is slightly higher variability in responses related to "food production" in the post-deployment phase, where many respondents did not perceive that the AR had increased "food production" and the scores for "food production" denoted different catch experiences across respondents. The data distribution is less variable for the ecosystem service "recreation" and the additional function "reuse of obsolete structures," indicating that the combined responses have a higher certainty of the effects derived from obsolete structures after reef deployment.

The Wilcoxon test shows that Nazaré respondents perceived fewer changes in ecosystem services when doing comparisons before and after reef deployment. Most of before and after data presented similar distributions. Significant differences between pre- and post-deployment responses were only found for "recreation," "biological control" and "reuse of obsolete structures" (*p*-value \< 0.05), for which median responses showed that respondents' expectations pre-deployment for the ecosystem services that the AR would provide were not met.

We found similar pre- and post-deployment responses in Oura ([Fig. 4](#fig-4){ref-type="fig"}). Respondents tended to score "biodiversity preservation," "food production," and "habitat and refuge" the highest (scored four or above on the 5-point Likert scale) in the pre-deployment phase, meaning that respondents expected the AR to increase the provision of these ecosystem services. Similar responses were provided in the post-deployment phase.

Oura respondents most often noted that the AR is preserving biodiversity (option use and non-use values). A Wilcoxon test showed that the median score for five of the seven ecosystem services was not significantly different between pre- and post-deployment (*p*-value \> 0.05) ([Table 4](#table-4){ref-type="table"}).

By measuring differences in the median perception of ecosystem service and additional function provision pre- and post-AR deployment, we were able to make inferences about respondents' perceived usefulness of the deployed ARs. It was also important to determine if, in general, fishermen perceived the ARs as useful or not.

The results indicate that the null hypothesis (H~0~) can be accepted regarding six of the ecosystem services and additional functions in the case of the Nazaré AR and five in the case of the Oura AR ([Table 4](#table-4){ref-type="table"}). H~1~ can be accepted for the option use of "biodiversity preservation" in the case of the Oura AR. The additional function of "diversion effect" was better considered in the Nazaré AR than in the Oura AR, where in the latter case it was considered as the worst additional AR function provided. This may suggest some congestion problems perceived by local fishermen (mostly from the port of Quarteira) that benefited from previous AR experience.

Respondents in both case studies indicated three ecosystem services that triggered beneficial expectations ("food production," "habitat and refuge" and "biodiversity preservation"). A positive trend was only statistically corroborated for the third ecosystem service, thus found for Oura after AR deployment.

Discussion
==========

Artificial reef perceptions pre- and post-deployment
----------------------------------------------------

Given that benefits of ARs are often only realized in the distant future, it is not easy for fishermen to conceptualize pre-deployment what ecosystem services an AR is likely to provide or increase unless they have previous experience realizing benefits from ARs or other knowledge of ecosystem service benefits associated with ARs. In order to believe in the potential of ARs to provide future benefits, stakeholders will likely need help understanding the benefits of ARs. By providing credible information in advance to support what ecosystem services they can expect from the deployment of an AR, stakeholders may be more likely to support AR deployment ([@ref-52]). AR proponents need to show fishermen and potential funders how ARs may help to protect fish from intensive fisheries, where they can be deployed, as well as showcase that ARs can provide useful services with some degree of tangibility. AR proponents can also focus on how ARs can be used as an effective fisheries management measure. In the case studies presented here, fishermen who were most likely to use the Oura AR seemed to have benefited from previous experience using ARs that had been deployed nearby. That was not the case for fishermen that were likely to fish around the Nazaré AR, where most had not had the opportunity to benefit from such structures previously. This suggests why comparatively Nazaré skippers were slightly more optimistic than those from Quarteira about the future usefulness of the AR pre-deployment.

Stakeholders may also have improved perceptions of AR usefulness if the benefits are well-explained pre-deployment; however, unless there are known benefits from an existing AR that can be used as an example, it may be difficult for stakeholders and potential funders to fully believe in the potential usefulness of ARs. On the contrary, if stakeholders' expect that an AR will provide positive benefits and then start accruing benefits from the moment they are able to first use it, support for the AR will be high and can be used as an example in the future to advocate for additional AR deployment ([@ref-79]; [@ref-41]).

However, even when ARs are already put in place and information is provided, additional support may be needed. For example, divers may easily see and attest to increased biodiversity at a dive site, but other stakeholders, such as fishermen, may not directly perceive that they are also benefiting. Ultimately, fishermen must develop some degree of belief that they have realized ecosystem service benefits in order to ultimately believe that the AR is worthwhile. This was exhibited by [@ref-65] as the Petrarch's Principle.

Reef location profiles and the sense of usefulness
--------------------------------------------------

In the Nazaré AR case, fishermen had high expectations for what additional ecosystem services and functions the AR could provide from the beginning. However, after the AR was deployed, fishermen believed that they had realized very few ecosystem services and additional functions compared to their pre-deployment expectations. Overall, the results showed that although Nazaré fishermen were optimistic about the capacity of the AR to provide numerous ecosystem services and additional functions, ultimately the AR did not meet fishermen's expectations. The presence of a canyon nearby may influence fishermen to have different views of AR practicality as fishermen will have better access to both shallow and deeper water fish species.

In the Oura AR case, however, fishermen's expectations before the AR was deployed were on average lower than the Nazaré fishermen expected. Fishermen on average had high expectations for a much smaller set of ecosystem services, namely "biodiversity preservation," "food production" and as a "habitat and refuge." Fishermen's expectations for this smaller set of ecosystem services were ultimately realized in the post-deployment phase. The fishermen's experience of utilizing other ARs nearby may be related to this sense of practicality.

Cross-checking stakeholders' experience with justifying adequate use of public funds
------------------------------------------------------------------------------------

When public funds are invested in deploying ARs, the direct beneficiaries (e.g., fishermen or other operational stakeholders) create expectations for what benefits they will receive. If those expectations are met post-deployment, AR proponents can argue that deployment was a useful allocation of public money. However, negative experiences where high expectations are not fully met, like the experience of the Nazaré AR, can result in increased scrutiny and can result in reluctance to fund AR projects in the future ([@ref-84]).

Ecosystem services provided by AR and their differentiation
-----------------------------------------------------------

The provision of ecosystem services depends upon complex interactions between organisms and the environment. The need for and importance of individual ecosystem services will depend on the stakeholders that will ultimately be benefiting from them. These factors will therefore affect which ecosystem services are provided, as well as individual stakeholder perceptions of their usefulness. In addition, AR proponents can disseminate information about the likely ecosystem services an AR will provide to potential users. The use of scientific studies, such as the present study, can be used to inform and support future debates on AR usefulness and ultimately improve decision making ([@ref-28]). For example, by showing concrete examples where the deployment of ARs has benefited catch potential by protecting juvenile fish from intensive fisheries, fishermen may better understand the potential benefits a new AR may provide them. For less obvious ecosystem services that are not directly related to catch potential, such as "nutrient cycling," it may be more difficult to provide concrete examples of other ecosystem services; however, it is important to develop ways to collect concrete information on the actual benefits that fishermen have realized from ARs for use in future AR proposals.

In the present study, fishermen did not assign high scores to the same AR ecosystem services and additional functions both before and after AR deployment. For the Nazaré AR, there were no nearby ARs that could be pointed to as examples. As a result stakeholder expectations were not based on previous experience. On the other hand, for the Oura AR, the pre-and post-deployment results regarding ecosystem service provision were similar. This was likely due to the fact that most fishermen already had experienced on the use of ARs pre-deployment, and already had a good idea of their usefulness ([@ref-71]).

Although not tracked, there is a possibility that some of the respondents were queried both before and after deployment. However, since the interviews conducted for this study were anonymous, we cannot confirm which respondents were queried twice. Although this limits further statistical analysis, interviews with the same respondent pool in both the pre- and post-deployment data collections were not possible given the 14 years between studies. Despite this limitation, this study shows that, generally, fishermen across both case studies had a range of expectations of the ecosystem services and benefits that ARs will provide. Likewise, they reported having benefited to some extent from a range of ecosystem services post-deployment. We argue that even if fishermen scored each ecosystem service the same or less post-AR deployment, the ARs are not necessarily deficient in providing ecosystem services. This result likely only indicates that the initial expectations were not completely met and likely unrealistic.

A key objective of the present study was to determine if fishermen generally perceived that ARs do not provide additional ecosystem services and functions (in case of similar scores post-deployment compared to pre-deployment---H~0~); or if they actually are providing additional ecosystem services and functions (in case of different scores post-deployment compared to pre-deployment---H~1~). Ultimately, for the two cases presented here, it appears that respondents received positive benefits from ecosystem services provided by ARs in both study areas, but expectations were not met for most of the AR ecosystems services presented to respondents.

Conclusion
==========

Promoters of AR deployment are often motivated by potential benefits of the structures to human activities. However, apart from a number of studies that have showed positive effects of reef structures in terms of species enhancement, few studies have documented additional ecosystem services that ARs can provide. Even fewer studies have compared pre-deployment perceptions of potential AR ecosystem services and additional functions with those that stakeholders ultimately realize post-deployment. The reason for this may be due to the relatively long delay between when ARs are deployed and when ecosystem services and benefits are realized.

The present study aims to contribute to this knowledge gap by highlighting some of the ecosystem services and functions that ARs have provided to fisheries stakeholders in Portugal. Unless long-term scientific monitoring is planned in advance, it is very unlikely that funds will be available for a pre-deployment assessment and post-deployment monitoring and evaluation such as that presented here. We argue that funds and future research should focus on similar pre- and post-AR deployment case studies in order to continue adding to this body of knowledge. Similarly, AR monitoring and evaluation studies should evaluate potential negative impacts that may be related to AR deployment. Expanded documentation of the effects of AR deployment will provide valuable information that can be used to argue for or against AR deployment in the future.
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